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SUMMARY 
A micropropagation protocol is presented for conservation of critically threatened 
woody tree species, Streblus asper Lour. In vitro axillary bud proliferation followed by 
multiple shoot induction was obtained using mature nodal segments. Initially, explants 
were cultured on Murashige and Skoog’s medium supplemented with different 
concentrations of BA (2.2, 4.4, 6.6, 8.9, 11.1 and 13.3 µM), Kn (2.3, 4.6, 6.9, 9.3, 11.6 and 
13.9 µM) or TDZ (2.2, 4.5, 6.7, 8.90, 11.1 and 13.5 µM). These individual levels of 
cytokinins did not support in vitro shoot regeneration in S. asper. Combinations of 
cytokinins, Kn with BA or TDZ, significantly influenced shoot regeneration ability. The 
combination of Kn (4.60 µM) with BA (4.44 µM) evoked an optimum response towards 
shoot proliferation whereas, medium containing Kn (4.60 µM) plus TDZ (4.54 µM) 
induced multiple shoot formation. In vitro developed microshoots were rooted on MS 
half strength medium supplemented with 2.46 µM IBA. The plantlets established in vitro 
were transferred to pots containing sterilized soil and vermiculite (1:1) mixture and were 
hardened in the greenhouse with 70-75% survival rate.  
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1. Introduction 
Streblus asper Lour (Family Moraceae) is 
an important medicinal plant with various 
curative properties attributed to almost every 
part of the plant. It is a woody tree species 
distributed in tropical countries such as India, 
China, Sri Lanka, Malaysia, the Philippines 
and Thailand. This plant is known by various 
names like bar-inka, berrikka, rudi, sheora, 
koi, and siamese rough bush. It is also 
known as tooth brush plant as the branches 
are used for brushing teeth. The extracts 
isolated from different parts of this plant are 
used in traditional medicine for curing 
various disorders. For instance, the bark 
extract is been used as remedy for fever, 
dysentery, relief of toothache and 
antigingivitis (1). The root extract is applied 
to unhealthy ulcers, sinuses and used as an 
antidote to snake bite.  The milky juice 
prepared from tender nodal and leaf cuttings 
has been used as antiseptic and astringent 
applied to chapped hands and sore heels (2). 
Anticancer, anti-microbial, anti-malarial and 
insecticidal activities were reported in this 
plant (3,4,5,6). The medicinal properties 
attributed to this plant are mainly due to the 
presence of several cardiac glycosides in 
different parts of this plant (7,8).  
Currently, the plant is facing a threat of 
extinction due to destructive harvesting of 
plant parts for medicinal use as well as 
devastation of its natural habitat by 
deforestation. Besides, the conventional 
vegetative propagation methods for mass 
multiplication of this tree species are 
hampered due to low rates of seed 
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germination and poor rooting ability of the 
vegetative cuttings. Many rare and 
endangered plant species are propagated in 
vitro because they do not respond well to 
conventional methods of propagation. The 
media composition and qualitative and 
quantitative aspects of plant growth 
regulators play a vital role in 
micropropagation. Therefore optimization of 
these conditions is a prerequisite for in vitro 
related work. There are no reports available 
on in vitro propagation of S. asper that made 
us interested to develop micropropagation 
protocol for this threatened and medicinally 
important woody plant species. 
Micropropagated plants can thus act as 
source for germplasm conservation for this 
important tree species.     
 
2. Material and Methods 
The plant material was collected from the 
premises of the Kakatiya University campus, 
Warangal, India. Nodal segments were 
excised from tender parts of 10 year old plant. 
The explants were thoroughly washed under 
running tap water for 30 min then treated 
with 5% tween-20 for 5 minutes with 
constant stirring followed by 3-4 rinses in 
sterile distilled water. These explants were 
disinfected with 0.1% HgCl2 for 5 minutes 
and rinsed 4-5 times with sterile distilled 
water. Explants were cultured on  Murashige 
and Skoog’s  (9) medium containing 2% 
sucrose and 0.8% (w/v) agar (Himedia, 
India). The medium was supplemented with 
different concentrations of BA (2.2, 4,4, 6,6, 
8.9, 11.1 and 13.3 µM), Kn (2.3, 4.6, 6.9, 9.3, 
11.6 and 13.9 µM), or TDZ (2.2, 4.5, 6.7, 8.9, 
11.1 and 13.5 µM) alone, or combinations of 
Kn with BA or TDZ were tested to induce 
shoot multiplication.  
For root induction, elongated 
microshoots (3.5 cm, 4 week old) containing 
3-4 leaves were transferred on to MS half 
strength medium supplemented with 
different concentrations of IBA (0.49, 1.48, 
2.46, 4.90 and 9.80 µM). In vitro rooted shoots 
(3-4 week old) were weaned from the culture 
tubes and washed thoroughly in running tap 
water to remove agar and medium 
constituents. Individual shoots were potted 
in plastic jars containing sterilized soil and 
vermiculite (1:1) mixture. The potted plants 
were covered with polyethylene sheets to 
reduce the loss of moisture and hardened in 
the greenhouse (28°C day, 24°C night and 
65% RH).   
All media pH was adjusted to 5.8 with 
0.1N NaOH before adding agar and was 
autoclaved at 121°C for 15 min. All cultures 
were incubated at 25+2°C with 16 h 
photoperiod under white fluorescent light 
(65 µE/m2/s). All data were statistically 
analysed using analysis of variance (ANOVA) 
and the means were compared using 
Duncan's multiple range test (DMRT). For in 
vitro shoot multiplication, 10 explants were 
used in each of two replicates for each 
treatment and the experiment was repeated 
twice. Rooting data was obtained from 10 
explants per treatment in two replicates and 
the experiment was repeated twice  
 
3. Results 
MS medium supplemented with 
different levels of BA, Kn or TDZ were tried 
to induce shoot proliferation from nodal 
explants of S. asper. Although nodal explants 
showed axillary bud sprouting on higher 
concentrations of BA (6.6, 8.9, 11.1 and 13.3 
µM), Kn (6.9, 9.3, 11.6 and 13.9 µM), or lower 
levels of TDZ (2.2, 4.5, 6.7 and 8.9 µM) 
however these levels failed to induce shoot 
formation. Combined effect of cytokinins, Kn 
in combination with BA or TDZ, was tested 
on in vitro nodal proliferation and shoot 
development in S. asper. Interestingly, the 
above cytokinins when combined resulted in 
axillary bud proliferation as well as shoot 
formation. A combination of Kn (4.60 µM) 
plus BA (4.44 µM) showed maximum (90%) 
regeneration efficiency with increased mean 
length of shoot (3.5+0.09) (Table 1 and Fig. 1a 
and b). Other combinations of Kn with BA 
showed 65-75% of regeneration response and 
the average shoot length was in the range of 
2.0 – 2.5 cm.
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Table 1: Effects of different concentrations and combinations of BA, Kn and TDZ on shoot multiplication from 
nodal segments of Streblus asper 
                  Growth regulators             
% of 
cultures  Mean no. of Mean length of 
                          (µM) 
regenerate
d 
shoots/expla
nt shoot/explant 
          
Kn BA       
4.60 2.22 65 1.0±0.0a 2.2±0.12a 
4.60 4.44 90 1.0 ± 0.0a 3.5±0.09b 
4.60 6.62 75 1.0 ±0.0a 2.5±0.10c 
4.60 8.90 68 1.0 ±0.0a 2.0±0.09a 
KN TDZ     
4.60 0.45 52 2.0±0.16b 2.1±0.13a 
4.60 2.27 60  3.0±0.24c 2.4±0.15a 
4.60 4.54 90 5.0±0.36d  2.8±0.21c 
4.60 6.80 70 2.0±0.15b 1.5±0.14d 
Values are mean of 40 explants 
In each column, mean followed by same letter were not significantly different (p<0.05) according to 
Duncan's multiple range test 
 
 
Fig.1: In vitro multiplication of Streblus asper (a) 
axillary bud breakage from nodal explants on BA 
and Kn (b) shoot proliferation from nodal segments 
on Kn (4.60 μM) plus BA (4.40 μM) (c) multiple shoot 
induction from nodal segments on Kn (4.60 μM) plus 
TDZ (4.45 μM) (d) root initiation on MS half strength 
medium supplemented with IBA (2.46 μM) (e) 
microshoot with well developed roots (f) plant in 
soil under greenhouse conditions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Multiple shoots were induced when 
nodal explants were cultured on medium 
supplemented with Kn in combination with 
TDZ. The mean number of shoots per 
explant varied among treatments of Kn plus 
TDZ (Table 1). A significantly higher 
numbers of multiple shoots per explant 
(5.0+0.36) were obtained on medium 
supplemented with Kn (4.60 µM) in 
combination with TDZ (4.54 µM) (Fig. 1c). 
Other combinations of Kn (4.60 µM) with 
TDZ (0.45, 2.27 and 5.80 µM) also resulted in 
multiple shoot formation from nodal explant 
cultures however their number remained 
low as compared to Kn (4.60 µM) plus TDZ 
(4.54 µM) combination. Under these 
conditions, the mean length of the shoot per 
explant was in the range of 1.5-2.8 cm that 
remained low as compared to combination of 
optimal levels of Kn (4.60 µM) plus BA (4.44 
µM) (Table 1).  
Well developed shoots (4-5 week old) 
with 3-4 leaves (Fig. 1b) were transferred to 
half strength MS media supplemented with 
various levels of IBA (0.49, 1.48, 2.46, 4.90, 
9.80 µM). Root initiation occurred after 10 
days of culture at all concentrations of IBA 
(Fig. 1d). Presence of IBA in the medium 
induced brown compact callus at the base of 
microshoots. Thus rooting occurred from the 
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base of the callus and not directly from the 
cut ends of microshoots. Maximum numbers 
of roots were developed at low levels of IBA 
(2.46 µM). At this IBA concentration, well 
developed roots were formed after 3 -4 week 
of culture such that rooted microshoots were 
ready for the transfer to the greenhouse (Fig. 
1e). In vitro rooted microshoots with minimal 
callus were transferred to pots containing 
sterilized soil and vermiculite (1:1) mixture 
and hardened in the greenhouse (Fig. 1f). 
Plantlets established in pots exhibited 70-75% 
survival rate.    
 
4. Discussion 
The purpose of this study was to develop 
an in vitro propagation method from mature 
nodes of S. asper, a medicinally important 
plant. In the present work we have, for the 
first time, established a rapid and 
reproducible method for high-frequency 
axillary shoot proliferation from mature 
node segments of S. asper, followed by 
establishment of regenerated plants in soil. 
Axillary shoot proliferation from mature 
node was dependent on the interaction 
between plant growth regulator 
concentrations in the medium. The two-way 
interaction of cytokinins, Kn in combination 
with TDZ or BA significantly influenced 
shoot regeneration ability. The combination 
of Kn (4.60 µM) with BA (4.44 µM) evoked an 
optimum response showing increased mean 
length of shoot whereas, multiple shoots 
were induced from nodal explants cultured 
on medium containing Kn plus TDZ.      
Although considered to be a most potent 
among the different phenyl urea derivatives 
for woody plant tissue culture (10), TDZ 
could not improve shoot bud differentiation 
when used alone in case of S. asper. Similar 
observations were previously reported with 
other species like Feronia limonia (11,12). In 
this study, BA (6.6, 8.9, 11.1 and 13.3 µM) or 
Kn (6.9, 9.3, 11.6 and 13.9 µM) even when 
used at high concentrations failed to induce 
shoot proliferation in S. asper. Hence a 
combination of cytokinins was used to 
improve the shoot multiplication rate, 
percentage of explants forming shoots as 
well as the shoot length. Earlier studies have 
compared the effectiveness of TDZ and 
amino purine cytokinins on shoot induction 
at several concentrations and using different 
explant types (10,13). For some species, the 
combination of TDZ plus an amino purine 
cytokinin (usually BA) is more effective at 
shoot induction than either TDZ or BA alone 
(14,15,16). In the present investigation, 
interaction of Kn with TDZ or BA was 
established that resulted in efficient shoot 
regeneration. The use of combination of 
cytokinins exerted a significant effect on 
number of shoots developed as well as on 
the shoot length in S. asper. The maximum 
shoot multiplication rate (5.0 shoots/explant) 
was observed when nodal explants were 
cultured on Kn plus TDZ medium. Further, 
the in vitro regenerated shoots attained 
maximum length when nodal segments were 
cultured on Kn plus BA medium. The 
decrease in shoot length on medium 
supplemented with Kn plus TDZ as 
compared to Kn plus BA might have resulted 
from inhibitory effect of TDZ on shoot 
elongation (10,13). However, nodal segments 
incubated on medium supplemented with 
Kn + TDZ or Kn + BA produced healthy 
shoots and overall shoot quality did not 
differ much when these media formulations 
were used. The synergistic action of a 
combination of two or more cytokinins 
resulting in to shoot induction from various 
explants has also been reported for 
Gymnocladus dioicus L. (17), Eclipta alba (18), 
Feronia limonia L. (19), Albizia odoratissima ( 20) 
and Momordica tuberosa Roxb.(21).  
The role of cytokinins in shoot 
differentiation from nodal segments was 
reported in several woody species but only 
few reports were successful in inducing 
organogeneis from mature node explants 
(22). Explants from juvenile plants were also 
used for raising in vitro cultures from several 
woody trees (23,24,25). Here we report on 
shoot induction and multiplication from 
mature node explants of S. asper.  
For successful micropropagation protocol, 
establishment of in vitro rooting from 
microshoots is crucial, and IBA is preferably 
used for the development of adventitious 
roots in vitro (26,22,25). During our study, all 
levels of IBA induced in vitro root formation. 
With increasing concentrations of IBA (4.90 
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amount of callus formed from the cut ends of 
the microshoot. Low level of IBA (2.46 µM) 
resulted in development of maximum 
number of healthy roots with little callusing.  
In conclusion, in vitro growth and 
development from nodal explants of S. asper 
was highly influenced by the type of 
cytokinin combination used for propagation. 
The double interaction of Kn with BA or TDZ 
influenced shoot regeneration ability. The 
results presented also demonstrate that 
mature nodal explants of S. asper offer great 
potential as a source tissue for shoot 
induction. The procedure reported in this 
study may facilitate improvement, 
conservation, and mass propagation of this 
medicinally important tree species.    
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